In this short communication, a new type of two-channel cavity QED model is derived. Two-channel models are important for they often lead to quantum interference phenomena. The previous models relied on the use of two or more modes of the quantized electromagnetic field, partially because of energy and parity restrictions. As it is shown in this work, such restrictions may be overcome with the use of properly chosen configurations of atomic levels and the aplication of classical external fields. Competing one-and two-photon processes involving one single mode may be obtained. PACS numbers: 42.50.Ct, 32.80.Qk, The interaction between electromagnetic fields and matter plays a central role in physics. This topic has been studied from many different points of view and approaches. From high energy physics to cryogenic physics, and from single atoms to bulk matter, the knowledge of light-matter interaction mechanisms is of fundamental importance. The quantum description of these interactions in the low energy domain (non-relativistic) is the object of quantum optics. In this context, many successful theoretical models have been proposed and experimentally implemented. One of such models is the well-known Jaynes-Cummings model [1] which, among many interesting features, predicts the occurrence of collapses and revivals of coherence in the dynamics of a two-level atom in interaction with a single mode of the quantized light field [2] . The coupling between an atom and a mode of the quantized electromagnetic field is greatly enhanced in a cavity. For cavities with a high quality factor Q (microwave regime) or finesse F (optical regime), the atom emits preferably into one of the cavity modes. This special arrangement allows for experimental investigation of fundamental photon-atom interactions, and it is called cavity quantum electrodynamics (cavity QED). An experimental review of this topic may be found in [3] .
H =hω câ
†â + E e σ ee + E r σ rr + E g σ gg +hΩ(σ gr e iω L t + σ rg e −iω L t ) +h(g 1 σ gr + g 2 σ re )â † +h(g 1 σ rg + g 2 σ er )â,
where ω c and ω L are the frequencies of the cavity and laser fields, respectively, E i is the energy of electronic level i, Ω is the Rabi frequency for the atom-laser coupling, and g 1 (g 2 ) is the coupling constant for the quantized field induced transitions |g ↔ |r (|r ↔ |e ). The coupling constants are assumed to be real for the sake of simplicity.
In the interaction picture, Hamiltonian (1) readŝ 
where δ is the detuning involving the level |r . The above interaction picture Hamiltonian is a special instance of
which describes many important systems in quantum optics. The case δ k = δ , for all k, is considered in the following derivation, but the reader should not have trouble to develop the same line of reasoning for the general case. The method presented here to obtain effective Hamiltonians in dispersive regimes is a generalization of the methods described in [14] . For sufficiently large δ , the level |r may be eliminated, and two-photon transitions between |e and |g are enhanced. Due to the presence of the laser, there is no energy limitations for the atom also make one-photon transitions between such levels.
Consider the time (ordered) evolution operator for a time-dependent Hamiltonian
Simple analysis of the above expression reveals that it involves a crescent power series in λ k /δ with time-dependent coefficients.
In the dispersive regime δ ≫ λ k , for all k, just terms up to second order should be considered. First and second order contributions will be carefully studied now for the Hamiltonian (3). The first order contribution in (4) using (3) reads
and the second order contribution is given by
After integration, the oscillating terms will give rise to multiplicative factors proportional to (λ j λ k /δ ) 2 , whereas the others will appear multiplied by (λ j λ k /δ ). In the dispersive regime, we can safely drop the former to get
The Stark-shifts arise from the first term whereas the interaction between the subsystems comes from the double summation. The second order contribution (7) is much more important toÛ I (t) than the first order one (5), because the former involves terms linear in time whereas the latter involves terms that are just oscillatory or constant in time. Consequently, just the second order terms are retained, and the time evolution operator (4) assumes the form
One can now easily identify the interaction picture time-independent effective Hamiltonian by comparing the above expression withÛ
For the physical system considered in this paper, the above formula is to be used with N = 3, λ 1 = g 1 , λ 2 = g 2 , λ 3 = Ω, A 1 = σ grâ † ,Â 2 = σ erâ , andÂ 3 = σ gr . For an atom that is not initially in |r , it results in the interaction picture Hamiltonian (11) are the Stark-shifts induced by the fields,Ĥ 1ph =h
is the ordinary one-photon Jaynes-Cummings Hamiltonian
is a Hamiltonian which accounts for atomic two-photon transitions, and
is a displacement term controlled by the state of the atom. The Hamiltonian (10) presents a quite remarkable competing process. An atom initially prepared in |e , for instance, may emit either one or two photons into the same cavity mode. In the absence of the classical external field, and the properly choice of the atomic level configuration, such a situation would be clearly forbidden for energy conservation and parity reasons. Here, the single mode implementation is assisted by the classical field through the intermediate state |r , see Fig.(1) . As a practical example, consider the typical cavity QED two-photon maser configuration using 85 Rb Rydberg atoms [15, 16] . In this real physical setup, |e and |g correspond to the 40S 1/2 and 39S 1/2 states of 85 Rb, respectively, and the intermediate state |r corresponds to the state 39P 3/2 . Therefore, the states |e and |g have the same parity making direct transitions between them quite unlikely in microwave cavities. However, the opposite-parity state |r couples to |e and |g by dipole-allowed electric transitions with very large electric dipole moments. Indeed, according to the experiments reported in [15] , g 1 ≈ g 2 ≡ g, with g = 7 × 10 5 s −1 . What makes this particular experimental setup [15] suitable for the implementation of the ideas presented here is the appropriate magnitude of δ . In this case, the small |δ | ≈ 2.45 × 10 8 s −1 leads to g 2 /δ ≈ 6 × 10 3 s −1 which is more than enough to observe the second order effects described in this paper. Of course, direct application of laser beams is not possible in the microwave domain, but such large wavelengths may me achieved with two lasers in Raman configuration. Of course, the scheme shown in Fig.(1) and the interaction Hamiltonian (10) are valid in the optical regime as well.
It should be remarked that simultaneous one-and two-photon transitions involving two different field modes has already been proposed and studied [7] . The present paper goes a step further bringing another completely different physical situation where such transitions take place with just one cavity mode. The resulting Hamiltonian (10) must contain new results which are related to quantum interference due to competing processes taking place with just one cavity mode. Besides, the role of the term (14) , which comes from the injection of energy from the laser into the system, may also lead to interesting consequences. However, the complicated form of (10) renders analytical progress or numerical investigation a challenging task to be investigated elsewhere.
In summary, this paper dealt with the subject of two-channel cavity QED, and a new competing process involving just one mode of the electromagnetic field was presented. Further investigation of the complicated dynamics of the system may reveal new phenomena related to quantum interference. It is expected that this short communication triggers future studies of the rich possibilities contained in this physically feasible new cavity QED model.
